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Key Points

Question
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Is subcutaneous treatment with casirivimab and imdevimab associated with improved 28-day clin-
ical outcomes compared with nontreatment, and is it clinically similar to intravenously adminis-
tered casirivimab and imdevimab for outpatients with COVID-19?

Findings

In this cohort study of 1959 propensity-matched outpatients with mild to moderate COVID-19
symptoms, the 28-day rate of hospitalization or death was 3.4% vs 7.0% for those receiving sub-
cutaneous treatment vs nontreatment. In a second cohort analysis of 2185 outpatients, the 28-day
rate of hospitalization or death was 2.8% vs 1.7% for subcutaneous vs intravenous treatment.

Meaning

Subcutaneous casirivimab and imdevimab was associated with reduced hospitalization and death
compared with nontreatment and showed similar outcomes compared with intravenous casiriv-
imab and imdevimab in outpatients with COVID-19.

Abstract

Importance

Monoclonal antibody (mAb) treatment decreases hospitalization and death in high-risk outpa-
tients with mild to moderate COVID-19; however, only intravenous administration has been evalu-
ated in randomized clinical trials of treatment. Subcutaneous administration may expand outpa-
tient treatment capacity and qualified staff available to administer treatment, but the association
with patient outcomes is understudied.

Objectives

To evaluate whether subcutaneous casirivimab and imdevimab treatment is associated with re-
duced 28-day hospitalization and death compared with nontreatment among mAb-eligible pa-
tients and whether subcutaneous casirivimab and imdevimab treatment is clinically and statisti-
cally similar to intravenous casirivimab and imdevimab treatment.

Design, Setting, and Participants

This prospective cohort study evaluated high-risk outpatients in a learning health system in the US
with mild to moderate COVID-19 symptoms from July 14 to October 26, 2021, who were eligible
for mAb treatment under emergency use authorization. A nontreated control group of eligible pa-
tients was also studied.

Exposures



Subcutaneous injection or intravenous administration of the combined single dose of 600 mg of
casirivimab and 600 mg of imdevimab.

Main Outcomes and Measures

The primary outcome was the 28-day adjusted risk ratio or adjusted risk difference for hospital-
ization or death. Secondary outcomes included 28-day adjusted risk ratios and differences in hos-
pitalization, death, a composite end point of emergency department admission and hospitalization,
and rates of adverse events. Among 1959 matched adults with mild to moderate COVID-19, 969
patients (mean [SD] age, 53.8 [16.7] years; 547 women [56.4%]) who received casirivimab and
imdevimab subcutaneously had a 28-day rate of hospitalization or death of 3.4% (22 of 653 pa-
tients) compared with 7.0% (92 of 1306 patients) in nontreated controls (risk ratio, 0.48; 95% CI,
0.30-0.80; P=.002). Among 2185 patients treated with subcutaneous (n =969) or intravenous (n
=1216; mean [SD] age, 54.3 [16.6] years; 672 women [54.4%]) casirivimab and imdevimab, the
28-day rate of hospitalization or death was 2.8% vs 1.7%, which resulted in an adjusted risk dif-
ference of 1.5% (95% CI, -0.6% to 3.5%; P=.16). Among all infusion patients, there was no differ-
ence in intensive care unit admission (adjusted risk difference, 0.7%; 95% CI, -3.5% to 5.0%) or
need for mechanical ventilation (adjusted risk difference, 0.2%; 95% CI, -5.8% to 5.5%).

Conclusions and Relevance

In this cohort study of high-risk outpatients with mild to moderate COVID-19 symptoms, subcuta-
neously administered casirivimab and imdevimab was associated with reduced hospitalization and
death when compared with no treatment. These results provide preliminary evidence of potential
expanded use of subcutaneous mAb treatment, particularly in areas that are facing treatment ca-
pacity and/or staffing shortages.

Introduction

Discovery and broadscale implementation of therapies that decrease progression to severe
COVID-19 and improve mortality of patients infected with SARS-CoV-2 are critical for global
health. Casirivimab and imdevimab are monoclonal antibodies (mAbs) that decrease hospitaliza-
tions and death in high-risk outpatients with mild to moderate COVID-19 when used as treatment
and decrease symptomatic COVID-19 when used as postexposure prophylaxis.2 These agents are
available under emergency use authorization (EUA) for these indications in the US, UK, and other
global communities.2* Only intravenous administration was evaluated in randomized clinical trials
for treatment, and, accordingly, intravenous infusion is strongly recommended per the US Food
and Drug Administration for this indication. However, the EUA states that subcutaneous injection
is an alternative route of administration when intravenous infusion is not feasible and would lead
to delay in treatment, although the efficacy of subcutaneous injection for treatment of SARS-CoV-2
is unknown.



A COVID-19 surge in September 2021, coupled with health care worker staffing shortages, re-
sulted in a capacity crisis for outpatient mAb infusions at our learning health system. Key stake-
holders and clinical leaders determined that continuation of intravenous therapy would delay or
prevent treatment for mAb referrals, and conversion to subcutaneous injections would add treat-
ment capacity, reduce appointment times, and expand staff available to administer treatment. The
purpose of this study was to evaluate whether subcutaneous casirivimab and imdevimab treat-
ment is associated with reduced risk-adjusted 28-day clinical outcomes compared with nontreat-
ment with mAb. We also sought to evaluate the similarity of clinical outcomes comparing subcuta-
neous with intravenous treatment to inform future operations within our learning health system.

Methods

This prospective cohort study evaluated patients within the Optimizing Treatment and Impact of
Monoclonal Antibodies Through Evaluation for COVID-19 embedded learning platform.2 This
study was approved by the University of Pittsburgh Medical Center (UPMC) Quality Improvement
Review Committee and the University of Pittsburgh institutional review board as an exempt proto-
col. Patients verbally consented to mAb treatment and reviewed the US Food and Drug
Administration EUA fact sheet before treatment. Data were deidentified for this analysis. Methods
and results are reported in accordance with the Reporting of Studies Conducted Using
Observational Routinely Collected Health Data (RECORD) statement.22 The study followed the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guideline.

From platform launch on March 10, 2021, through September 9, 2021, all patients were assigned
intravenous mAb treatment via a central management system. A few patients received casirivimab
and imdevimab subcutaneously if they presented directly to an urgent care facility within the sys-
tem. From September 9 through October 26, 2021, most outpatient infusion centers provided only
subcutaneous injections of casirivimab and imdevimab to accommodate surging patient referrals
and staffing shortages because continuing intravenous treatment only would lead to a delay in
care (per EUA language). After October 26, 2021, centers converted back to intravenous adminis-
tration when feasible within workforce capacity as case volumes decreased and intravenous treat-
ment no longer resulted in care delay. Starting on September 28, 2021, patients 65 years or older
with loss of 2 or more activities of daily living, pregnant patients, and/or patients with immuno-
compromised conditions were given priority for mAb treatment appointment scheduling.

Adverse events (defined as any reaction that occurred during injection or in the observation pe-
riod after injection, eg, rash, shortness of breath, or hypertension) were recorded by practitioners
at each infusion center in a secure electronic file-sharing application. Nursing and physician staff
also used an internal, nonpunitive, patient safety reporting system (Risk Master) for adverse reac-
tions and medication errors. Data from these 2 sources were combined and deidentified. A
blinded attending physician trained in emergency medicine (R.J.W.) reviewed the deidentified data
to determine severity. An infusion reaction management guide was created and distributed to all
mAb treatment sites for guidance on treatment of any kind of mAb-related adverse event (eTable
1 in the Supplement).
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Outcomes

For this analysis, the 2 research questions were (1) whether subcutaneous casirivimab and imde-
vimab treatment is associated with better 28-day clinical outcomes than nontreatment among
mAb-eligible patients and (2) whether subcutaneous casirivimab and imdevimab treatment is clin-
ically and statistically similar to intravenous casirivimab and imdevimab treatment. The primary
outcome was the 28-day adjusted risk ratio of hospitalization or death for question 1, and the 28-
day adjusted risk difference of hospitalization/death for question 2. Secondary outcomes included
28-day adjusted risk ratios and differences of hospitalization, death, a composite end point of
emergency department (ED) admission and hospitalization, and rates of adverse events. In post
hoc analyses, the risk of severe hospitalization, defined as an intensive care unit (ICU) admission
or mechanical ventilation, was examined. Adverse events were defined as above. Death was ascer-
tained by the code “ceased to breathe” in the electronic medical record as well as supplemented
with deaths identified by the Social Security Administration Death Master File, which is received
monthly by UPMC. Ventilation was based on Healthcare Common Procedure Coding System code
94002 or 94003. Hospitalization, ED admission, and ICU admission were based on admission
charge data from each treating facility.

Selection of Patient Analysis Cohorts

For the first research question, nontreated control participants were selected from nonhospital-
ized patients 12 years or older who had a positive SARS-CoV-2 polymerase chain reaction or anti-
gen test result within our health care system from July 14 to October 26, 2021. These patients,
whose symptom status was unknown, had an EUA-eligible risk factor for progression to severe
disease and no admission to the emergency department or hospital on the date of their positive
SARS-CoV-2 test result (ie, presumed not to be at imminent risk of hospitalization). July 14, 2021,
was chosen as the start date for this analysis because this was the first confirmed date, per na-
tional tracking data, that 100% of patients infected with COVID-19 in our system had the Delta
variant; Delta remained the only regional variant until the end of the study period.2Z
Corresponding treated individuals were patients 12 years or older treated subcutaneously with
casirivimab and imdevimab in an outpatient infusion center or urgent care facility during the same
period as nontreated control participants. Patients who received mAb treatment in the emergency
department were excluded because the subcutaneous route of administration was not used in
that setting. Both groups required a 28-day follow-up period. For nontreated control participants,
the 28-day outcome ascertainment period started on the day after the positive SARS-CoV-2 test
result. For treated patients, the 28-day outcome ascertainment period started on the day of mAb
treatment.

For the second research question, patients treated subcutaneously or intravenously at an outpa-
tient infusion center or urgent care facility on or after July 14, 2021, and with an available follow-
up period of 28 days were compared. For both groups, the 28-day outcome ascertainment period
started on the day of treatment. Because not all clinical sites provided subcutaneous mAb treat-
ment, separate study populations were compiled, including all mAb-treated patients and the sub-
set of mAb-treated patients at clinical sites in which both routes of administration were used (ie, to
remove a potential site effect from the larger analysis). For this cohort to simply examine a sched-



uled change in practice, patients receiving treatment intravenously were treated from July 15 to
September 8, 2021, and patients receiving treatment subcutaneously were treated from
September 9 to September 29, 2021 (ie, nonoverlapping treatment periods).

Data Sources

We used health-related data captured in the electronic health record and ancillary clinical systems,
all of which are aggregated and harmonized in a clinical data warehouse.2? For infusion sites with
complete electronic medical record data in the clinical data warehouse, we accessed sociodemo-
graphic data, medical history, and billing charges for all outpatient and in-hospital encounters with
diagnoses and procedures coded based on the International Classification of Diseases, Ninth
Revision and International Statistical Classification of Diseases and Related Health Problems, Tenth
Revision (eTable 2 in the Supplement).1%1 Race was classified as Black, White, or other (including
Alaska Native, American Indian, Asian, Filipino, Indian, Native Hawaiian, or Pacific Islander). We as-
sessed 28-day mortality by the hospital discharge disposition of “ceased to breathe” sourced from
the inpatient medical record system, as well as deaths after discharge identified with the Death
Master File from the Social Security Administration2 and the 2021 National Technical Information

Service as an external data source.12

Statistical Analysis

Sociodemographic and clinical characteristics were compared between patients treated subcuta-
neously and nontreated control participants by use of standardized mean differences. To control
for imbalances in patient profiles between the 2 groups, we selected nontreated control partici-
pants matched to treated patients by the propensity score method.1412 Specifically, propensity
scores were derived from a logistic regression model fit with subcutaneous mAb treatment as the
response variable and selection of measured pretreatment explanatory variables (eTable 3 in the
Supplement) based on (1) presumed biological relevance (age, sex, and race), (2) standardized
mean difference of 0.10 or greater between treated and nontreated participants, and (3) other se-
lection criteria (eTable 4 in the Supplement). Missing values for covariates were not imputed in
this analysis; thus, final sample sizes for analysis reflect patients with complete data for all vari-
ables included in the propensity score.

We used 1:2 propensity score nearest-neighbor matching with a maximum propensity score prob-
ability difference of 0.01 to construct the matched treated and nontreated groups. We performed
nonmatched parallel analyses in which outcomes of treated participants were compared with non-
treated participants using (adjusting for) the propensity score as a covariate and with inverse
probability weighting. Both the matched and nonmatched adjusted analyses were conducted using
generalized linear models with mAb receipt as the variable of interest, specifying the binomial dis-
tribution and log link. We did not impute missing values for variables used in deriving the propen-
sity scores.

Sociodemographic and clinical characteristics were also compared between participants treated
subcutaneously and intravenously by use of 2-tailed, unpaired ¢ tests or Wilcoxon rank sum tests
for continuous variables and x? tests for categorical variables. Because treatment regimen was se-



lected based on logistical (supply) constraints rather than clinical considerations, we identified
any unanticipated between-group imbalances of baseline characteristics using P <.05. We then fit
a logistic regression model with age, sex, Black race, and vaccination status included based on pre-
sumed relevance (advanced age, male sex, Black race, and unvaccinated patients have worse out-
comes from COVID-19) and used forward stepwise selection. No additional variables were added
to the model. Given low event rates and to preserve the full sample, Black race (1.7% missing) was
coded as a value of 1 for known Black race, and vaccination status (12.8% missing) was coded as
1 when full vaccination status was known. The primary parameter of interest was the adjusted
risk difference (subcutaneous - intravenous) in the 28-day rate of hospitalization or death, with a
boundary of 3% used to define similar clinical outcome. The 3% boundary was decided a priori as
a consensus threshold that was clinically meaningful for the health care system population and for
capacity management. All analyses were performed using SAS statistical software, version 9.4 (SAS
Institute Inc).

Results

Study Populations

A total of 1959 matched adults with mild to moderate COVID-19 participated in this cohort study.
The first analysis included 969 patients treated subcutaneously with casirivimab and imdevimab
(mean [SD] age, 53.8 [16.7] years; 547 female [56.4%] and 422 male [42.6%]; and 49 Black
[5.2%], 852 White [89.8%], and 48 of other race or ethnicity [5.1%]) and 4353 nontreated, EUA-
eligible controls in the unmatched cohort (mean [SD] age, 49.7 [21.5] years; 2542 female [58.4%];
and 407 Black [9.5%], 3824 White [88.8%], and 73 of other race or ethnicity [1.7%]). The
propensity score-matched analysis, which required complete covariate data and matching (as de-
fined in the Methods), compared 652 patients treated subcutaneously with casirivimab and imde-
vimab with 1304 nontreated, EUA-eligible controls (Figure 1). For the second analysis, the 969
subcutaneously treated patients were compared with 1216 patients (mean [SD] age, 54.3 [16.6]
years; 672 female [54.4%] and 554 male [45.6%]; and 83 Black [6.9%], 1071 White [89.4%], and
44 of other race or ethnicity [3.7%]) treated with the same mAb intravenously. From this cohort,
721 patients treated subcutaneously vs 441 treated intravenously were treated at clinical sites in
which both routes of administration were used during the study period (Figure 2).

Matched Analysis of Treated and Nontreated Patients

Before matching on propensity score (based on covariate data), subcutaneously treated patients
(who were selected using a priority system that favored older age and being immunocompro-
mised starting on September 28, 2021) were older and less likely of Black race than nontreated
patients (eTable 4 in the Supplement). In addition, treated patients had a higher prevalence of
rheumatoid arthritis, obstructive sleep apnea, hypertension, and smoking history than nontreated
patients. This overall higher risk profile of treated patients was also reflected in a higher preva-
lence of statin and (-blocker use than nontreated patients. Of importance, after propensity score
matching, treated and nontreated patients were similar (standardized mean difference, <0.10) on
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variables included in the propensity score model (eTable 4 in the Supplement), the distribution of
propensity scores (eFigure 1 in the Supplement), and variables not included in the model (eTable
4 in the Supplement).

The matched 28-day rate of hospitalization or death was 3.4% in treated patients compared with
7.0% in nontreated controls (Table 1). The corresponding risk ratio for 28-day hospitalization or
death was 0.48 (95% CI, 0.30-0.80; P=.002). The lower risk of hospitalization or death in treated
patients was most evident in the first 15 days of follow-up (eFigure 2 in the Supplement). The 28-
day death rate was 0.2% in the treated group vs 2.4% in the nontreated group (P=.007 from the
log-binomial regression model).

Unmatched Analysis of Treated and Nontreated Patients

In unmatched patients with a propensity score (ie, covariate data), the crude 28-day rate of hospi-
talization or death was 3.5% in treated patients compared with 6.6% in nontreated controls
(eTable 2 in the Supplement). The corresponding risk ratio for hospitalization or death adjusted
for the propensity score was 0.46 (95% CI, 0.30-0.70; P <.001). Results were relatively consistent
with the use of inverse probability weighting. As in the matched analysis, deaths were infrequent,
with the 28-day death rate being lower in the treated group (0.2%) compared with the nontreated
group (2.1%) (adjusted risk ratio, 0.06; 95% CI, 0.01-0.44; P=.005).

Sensitivity Analysis

Information on symptoms for untreated controls was not available on the date of their positive
COVID-19 test result. For treated patients with a positive test result documented in the UPMC sys-
tem, the median time from symptom onset to the positive test date was 3 days (IQR, 2-5 days), and
the median time from positive test date to infusion was 2 days (IQR, 2-4 days). Therefore, to assess
potential immortal time bias, we modified the untreated control group follow-up period to start 2
or 3 days after the positive COVID-19 test result date. The corresponding propensity score-ad-
justed risk ratios (treated vs untreated) for 28-day hospitalization or death were 0.56 (95% CI,
0.36-0.85) for 2 days and 0.63 (95% CI, 0.41-0.97) for 3 days.

Evaluation of Subcutaneous and Intravenous Treatment

Patients treated subcutaneously or intravenously had generally similar demographic and present-
ing clinical characteristics (Table 2). This overall similarity in patient profiles was evident among
all treated patients as well as the subset of patients treated at clinical sites in which both routes of
mAb administration were used. A notable exception was a higher rate of full COVID-19 vaccination
in patients treated subcutaneously (447 [55.5%]) compared with those treated intravenously
(485 [44.1%]) in patients from all sites (P <.001); however, this rate was similar in patients
treated within the same sites. The mean (SD) time from symptom onset to infusion was 6.1 (1.9 or
2.0) days in both groups.
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For all patients receiving infusions, the adjusted risk difference of hospitalization or death com-
paring patients treated subcutaneously and intravenously was 1.5% (95% CI, -0.6% to 3.5%; P
=.16), which was within the clinically predefined similarity boundary of 3%, yet the upper limit of
the 95% CI exceeded this boundary (Table 3). The corresponding adjusted risk ratio was 1.71
(95% CI, 0.97-3.00; P =.06). For hospitalization, the adjusted risk ratio was 1.79 (95% CI, 1.01-
3.17; P=.05). Adjusted risk differences of death and ED admission or hospitalization were small
(similar) by route of administration. In terms of initial safety, rates of severe adverse reactions
were 0.0% in patients receiving subcutaneous treatment and 0.2% in patients receiving intra-
venous treatment.

Among patients treated at clinical sites in which both routes of administration were used, the 28-
day risk difference (subcutaneous - intravenous) of hospitalization or death was 1.3% (95% CI,
-2.6% to 5.2%; P=.50) (Table 3). The corresponding adjusted risk ratio was 2.7 (95% CI, 0.9-7.7;
P =.08). Adjusted risk differences and risk ratios for death and ED admission or hospitalization
were lower in the direction favoring patients treated subcutaneously, but these differences were
not significant.

In post hoc supplemental analysis to investigate the statistically higher 28-day risk difference of
hospitalization in patients treated subcutaneously, the 28-day risk differences of ICU admission
and mechanical ventilation (ie, indicators of severity of hospitalization) were similar in patients
treated subcutaneously or intravenously (eTable 5 in the Supplement). In addition, length of stay
was similar by route of administration among hospitalized patients.

Discussion

Among a matched analysis of 1959 patients, subcutaneously administered casirivimab and imde-
vimab was associated with an estimated 52% lower risk of 28-day hospitalization or death com-
pared with no mAb treatment among EUA-eligible outpatients. Among 2185 patients with mild to
moderate COVID-19 treated at an outpatient infusion center, the adjusted risk difference of 28-day
hospitalization or death comparing subcutaneous and intravenous mAb treatment was 1.5%, be-
low our predefined similarity boundary of 3%. However, the upper limit of the 95% CI (3.5%) ex-
ceeded the clinical boundary, indicating a possible increased risk of hospitalization with subcuta-
neous mAb administration. However, and although not formally powered for analysis by study de-
sign, there was little to no evidence that subcutaneous administration was associated with a
higher risk of death or severe hospitalization (ie, ICU admission or mechanical ventilation).
Collectively, these data suggest that subcutaneous administration of mAb may be a reasonable al-
ternative to intravenous administration for prevention of death, ICU admission, and need for me-
chanical ventilation.

To our knowledge, this report is the largest analysis of outpatients with mild to moderate COVID-
19 treated with subcutaneously administered mAbs compared with nontreated and intravenously
administered mAbs. These noncausal data indicate a consistent, significant benefit of mAb therapy
in decreasing hospitalizations and deaths for patients with mild to moderate COVID-19, regardless
of route of administration, in a 100% Delta variant landscape. The adjusted risk difference be-
tween subcutaneous and intravenous administration for rate of 28-day hospitalization or death


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9006104/table/zoi220219t3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9006104/table/zoi220219t3/

was small and not statistically significant, and there was no difference in risk of severity of illness
once hospitalized. This evidence is promising because administering intravenous mAb is logisti-
cally challenging, and health care systems across the globe continue to face critical staffing short-
ages amid high SARS-CoV-2-positive patient volumes. Subcutaneous administration of mAb allows
for reduced appointment times (because of elimination of need to place a venous catheter and
need to infuse the medication for a certain number of minutes), which increases treatment capac-
ity. Indeed, our health care system was able to increase the number of patient appointments for
mAD treatment from 400 to 1000 patients per week with the same number of staff by changing
the route of administration from intravenous to subcutaneous. In addition, under the Public
Readiness and Emergency Preparedness Act in the US, pharmacists are allowed to administer sub-
cutaneous injections, expanding the available staffing pool to much greater capacity.l These im-
portant gains in practical resources for stressed health systems must be weighed against the abso-
lute risk difference in hospitalizations with subcutaneous administration and intravenous adminis-
tration, particularly when assessed in relation to lower risk of hospitalization and death for subcu-
taneous administration in patients compared with nontreated patients.

Access to safe and effective outpatient treatments for COVID-19 is of critical importance to the
global community, and subcutaneous mAb administration has useful implications for scaling re-
sources. By avoiding limitations associated with intravenous administration, subcutaneous mAb
treatment and postexposure prophylaxis outpatient treatment location sites can potentially reach
disadvantaged neighborhoods and low- and middle-income countries more readily.

Limitations

Our study has limitations. First, nontreated controls were matched by EUA-eligible risk factors
only, and we were unable to determine symptom severity (whether symptomatic or asympto-
matic) or vaccination status in these patients. Thus, many nontreated patients may have been
asymptomatic and thereby at low risk of hospitalization, which would tend to bias results against
mAD treatment. Second, because outcome assessment started on the day of infusion for treated
patients yet on the day after a positive SARS-CoV-2 test result for untreated patients, the possibil-
ity of immortal time bias exists. However, the sensitivity analysis conducted suggests that if immor-
tal time bias is present, its effect is likely to be small. Third, after September 28, 2021, certain pa-
tient populations were prioritized for mAb treatment because of drug and staffing shortages. This
prioritization may have resulted in matched nontreated controls having more comorbidities in this
period; however, the propensity matching resulted in balanced distribution of both matched and
nonmatched covariates. Fourth, although adjusted for statistically, more patients in the subcuta-
neous group were fully vaccinated compared with the intravenous group at all sites, which may
also lower the risk of hospitalization and death. However, the phrase fully vaccinated on the refer-
ral form meant receipt of 2 doses of an mRNA vaccine or 1 dose of an adenovirus vaccine; further
details on time from last dose to mAb referral, type of vaccine, or whether a third primary series
dose had been administered to immunocompromised patients were unknown, and therefore fully
vaccinated cannot be interpreted as fully protected. This difference was also mitigated when the
analysis was restricted to patients treated at the same sites. Fifth, the study was conducted before
emergence of the Omicron variant; thus, results cannot be generalized to this newer period. Sixth,
the mean time from symptom onset to mAb treatment in our study was 6 days. Although these



therapies work best earlier in the disease course, administering treatment faster in real-world set-
tings is logistically challenging, and the observed time to treatment in this study represents best
practices for mAb treatment across an extensive geographic region. Time-to-treatment windows
will be important to consider as novel, oral antiviral medications become available with reduced
treatment windows compared with mAb treatment.t%12

Conclusions

In this cohort study of outpatients with mild to moderate COVID-19 symptoms, subcutaneously
administered casirivimab and imdevimab was associated with a lower risk of hospitalization or
death compared with no mAb treatment. Moreover, no difference was found in the 28-day risk of
death, ICU admission, or mechanical ventilation between subcutaneously or intravenously treated
patients. Collectively, these results provide preliminary evidence of potential expanded use of sub-
cutaneous mAb treatment, particularly in areas facing treatment capacity and/or staffing
shortages.
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Table 1.

Propensity Score-Matched 28-Day Event-Free Rates and Risk Ratios of Study Outcomes

Outcome No. (%) of events

Treated (n=653) Nontreated (n=1306)

Risk ratio (95% CI) P value

Hospitalization or death 22 (3.4) 92 (7.0)
Hospitalization 22 (3.4) 72 (5.5)
Death 1(0.2) 31 (2.4)
ED admission or hospitalization 40 (6.1) 129 (9.9)

0.48 (0.3-0.8)
0.61 (0.4-1.0)
0.06 (0.0-0.5)
0.62 (0.4-0.9)

.002
.04

.007
.006

Abbreviation: ED, emergency department.



Table 2.

Comparison of Characteristics of Patients Treated With Subcutaneous and Intravenous Monoclonal Antibodies?



b

Characteristic All patients receiving infusions Patients receiving infusions at the

same site€

Subcutaneous Intravenous P Subcutaneous Intravenous P

(n=969) (n=1216) value (n=721) (n=441) value
Age, mean (SD), y 53.8 (16.7) 54.3 (16.6) 45 54.5 (16.5) 53.9 (17.4) .57
Sex
Female 547 (56.4) 672 (54.4) 401 (55.6) 227 (51.5)
Male 422 (42.6) 554 (45.6) % 320 (44.4) 214 (48.5) 7
Race and ethnicity
Black 49 (5.2) 83 (6.9) 32 (4.5) 24 (5.5)
White 852 (89.8) 1071 (89.4) .08 640 (89.1) 392 (89.3) .55
Other? 48 (5.1) 44 (3.7) 46 (6.4) 23 (5.25)
BMI, mean (SD) 31.8 (7.5) 32.8(8.4) .03 32.0 (7.8) 32.3 (8.4) .62
History
Smoking 227 (34.0) 135 (31.2) .35 171 (33.9) 113 (31.0) 46
Diabetes 112 (16.8) 161 (17.1) .86 93 (18.4) 58 (16.2) .39
Obstructive sleep apnea 128 (19.2) 174 (18.5) .73 106 (21.0) 76 (21.2) .95
Dyspnea 40 (6.0) 69 (7.3) .29 33 (6.5) 17 (4.7) .26
Asthma 220 (32.9) 283 (30.0) 22 164 (32.5) 114 (31.7) .82
Pulmonary hypertension 13 (1.9) 9 (1.0) .09 11 (2.2) 1(0.3) .02
COPD 115 (17.2) 151 (16.0) .53 84 (16.6) 54 (15.0) .53
Hypertension 314 (47.0) 408 (43.3) 14 253 (50.1) 158 (44.0) .08
Atrial fibrillation 33 (4.9) 55 (5.8) 43 27 (5.4) 20 (5.6) .87
Valvular heart disease 31 (4.6) 68 (7.2) .03 26 (5.2) 29 (8.1) .08
Coronary artery disease 73 (10.9) 105 (11.1) .89 61 (12.1) 45 (12.5) .84
Stroke 35 (5.2) 37 (3.9) 21 28 (5.5) 16 (4.5) 47
Congestive heart failure 36 (5.4) 50 (5.3) .94 26 (5.1) 13 (3.6) .29
Chronic kidney disease 34 (5.1) 63 (6.7) .18 24 (4.7) 24 (6.7) .22
Fatty liver disease 28 (4.2) 23 (2.4) .05 23 (4.5) 11 (3.1) .27
Cancer 70 (10.5) 127 (13.5) .07 53 (10.5) 57 (15.9) .02
Chemotherapy 31 (4.6) 35(3.7) .36 26 (5.1) 26 (7.2) .20
Al i o whimibie 70 (11 7 140 (14 AN n~ £ r11 10 A7 r12 17 27

Abbreviations: ACE, angiotensin-converting enzyme; BMI, body mass index (calculated as weight in kilograms divided by

height in meters squared); COPD, chronic obstructive pulmonary disease.

aData are presented as number (percentage) of study participants unless otherwise indicated.

b patients treated at all health system facilities. Patients were treated subcutaneously from July 20 to September 29, 2021.
Patients were treated intravenously from July 15 to September 29, 2021.

¢ Patients treated at the same health system facilities. Patients were treated subcutaneously from September 9 to 29, 2021.

Patients were treated intravenously from July 15 to September 8, 2021.



d0ther race (self-reported) included Alaska Native, American Indian, Asian, Filipino, Indian, Native Hawaiian, and Pacific
Islander.

¢ Defined as atleast 2 doses of the Pfizer or Moderna vaccine or at least 1 dose of the Johnson & Johnson vaccine.



Table 3.

28-Day Risk Differences and Risk Ratios of Hospitalization or Death by Route of Monoclonal Antibody

Administration?
Outcome No. (%) of patients Absolute risk difference, % Adjusted risk
ratio?
Subcutaneous (969 Intravenous (1216 Unadjusted Adjusted® 95% Adjusted P

total patients and total patients and CI (95% value
721 infused at 441 infused at CI)
same site) same site)
All patients
receiving
infusions
Hospitalization 27 (2.8) 21 (1.7) 1.1 1.5 -0.6to 1.7(1.0 .06
or death 3.5 to 3.0)
Hospitalization 27 (2.8) 20 (1.6) 1.1 1.5 -0.4to0 1.8(1.0 .05
3.4 to 3.2)
Death 1(0.1) 3(0.2) -0.1 0.3 -6.1to 0.5(0.1 .51
5.4 to 4.5)
ED or 47 (4.8) 71 (5.8) -1.0 -0.9 -28t0 09(06 .38
hospitalization 0.9 to 1.2)
Patients
receiving
infusion at the
same site
Hospitalization 17 (2.4) 4(0.9) 1.5 1.3 -2.6to 2.7(0.9 .08
or death 5.2 to 7.7)
Hospitalization 17 (2.4) 4(0.9) 1.5 1.3 -2.6to 2.7(0.9 .08
5.2 to 7.7)
Death 1(0.1) 1(0.2) -0.1 -0.2 -9.0to 0.8(0.0 .85
8.5 to 12.9)
ED or 38 (5.3) 26 (5.9) -0.6 -1.2 -3.8t0 09(0.6 .66
hospitalization 1.4 to 1.5)

Abbreviation: ED, emergency department.

aFor patients treated at all health system facilities, patients were treated subcutaneously from July 20 to September 20,

2021, and patients were treated intravenously from July 15 to September 29, 2021. For patients treated at the same health

system facilities, patients were treated subcutaneously from September 9 to 29, 2021, and patients were treated

intravenously from July 15 to September 29, 2021.

b Model adjusted for age, sex, Black race, and vaccination status.



